The effects of anabolic implant on growth, carcass characteristics, and sewn hormones were examined in 30 young bulls and steers fed a growing diet then a finishing diet. In a 2 x 3 factorial arrangement, steers and bulls received an implant of trenbolone acetate (TBA), TBA and estradiol-17p a), or no implant. Blood samples were taken serially (every 20 min for 6 h) at intervals during the growing and finishing phases. Percentage of DM, fat, protein, and ash and Warner-Bratzler shear test were measured and taste panel evaluations of the 9-10-11 rib section were obtained. Treatment with TBA and & increased weight gain in steers but not in bulls. There were no differences in feed efficiency, serum growth hormone (GH), and cortisol concentrations between bulls and steers or between treated groups and controls in bulls or steers, although during the finishing phase mean GH Concentrations in treated steers were twofold higher than in controls and were similar to those in the bull groups. Serum insulin-like growth factor-I (IGF-I) increased twofold during the growing phase, then remained at that level. Steers implanted with TBA and h, which had the highest gains among the steer groups, had the highest serum GH and IGF-I.
ships between size, growth rate, and body composition (Black, 1988) . Leaner cattle tend to grow faster and use feed more efficiently (Field, 1970) . Lean, intact males produce a higher carcass yield grade but generally produce a lower quality grade. Although steers tend to have more external fat and marbling, these desirable traits are offset by decreased rate of weight gain and a lower feed conversion efficiency (FCE). These topics have been reviewed by Schanbacher (1984) and Seidemen et al. (1982) .
Various types and combinations of hormonal anabolic compounds have been used in steers to increase gain and FCE. Although it has been demonstrated, and generally accepted, that partitioning of nutrients into lean and fat is under hormonal control, there remains much work to develop a strategy involving hormones to obtain better growth efficiency and carcass composition. This study was conducted to 1) characterize metabolic hormone profiles during the growth and fattening phases in steers and bulls, 2) relate these hormone profiles to growth rate and carcass composition, and 3) determine whether trenbolone acetate (TBA)5 and estradiol implants change any of the responses.
Materials and Methods

Animals.
Thirty male Angus weanling calves of similar age and weight were obtained from the university herd. Fifteen were castrated at 6 to 7 mo of age. All were introduced to the experimental diet and halter-trained. The experiment was a 3 x 2 factorial arrangement of treatments with five bulls and five steers receiving a subcutaneous ear implant (dry pellet) containing 120 mg of TBA, five bulls and five steers receiving a 120-mg TBA implant in the right ear and a 24-mg E2 implant in the left ear, and five bulls and five steers receiving no implant. Animals were implanted once at the start of the experiment. At this time they were 9 to 10 mo old with live weights ranging from 204 to 261 kg.
The animals were individually penned and given ad libitum access to a growing diet formulated according to NRC recommendations (1984) feed intake and weekly BW data were obtained. Blood samples were taken three times during the growing phase, on d 5, 22, and 82. Blood was taken between 1200 and 1800 on the days of blood collection.
On d 91 of the experiment (wk 13), each calf was weighed and evaluated for muscling and h n e in order to change calves at approximately equal weights and scores to a finishing diet, At that time, 10 calves had reached a target body weight of 430 kg. The cracked corn portion of their diet was increased daily until they were being full-fed a finishing diet. This was repeated 14 d later for a second group of 10 animals and 21 d later for the third group of 10 animals so that all animals began the finishing phase at nearly equal weight. On d 120, 134, and 141 after beginning the experiment, blood samples were taken from the first, second, and third groups of animals, respectively. On d 128 the first group of animals was challenged with bovine growth hormonereleasing factor (bGRF) (provided by N. Ling, Salk Institute) by injection via a jugular vein catheter. The second and third set of animals were injected with bGRF and bled simultaneously on d 144.
The experiment was ended on d 160. Most animals had reached a final target weight of 500 kg; they were slaughtered over a 3-wk period to coincide with the time they were placed on the finishing phase.
Carcass Analysis and Quality. After slaughter, hot carcass weights were obtained. After 72 h of cooling, each carcass was evaluated for longissimus muscles area (LMA, cm2) , fat thickness (cm), yield grade, and marbling and quality grade. Fat thickness was measured with a metal ruler over the 12th rib section. Marbling was scored on a scale of 1 to 10 using standard marbling score cards where 1 = devoid and 10 = abundant. Yield grade was determined to the nearest one-tenth of a grade and recorded on a scale of 1.0 to 5.9. Quality grading was determined to the nearest one-third of a grade and coded low Standard = 6 to high Prime = 17. The P-lGl lth rib sections were taken from the left side of each carcass 7 d after slaughter. The bone was removed and a sample was ground four times through a plate with .5-cm openings and an aliquot from each was frozen at -2o'C. The DM, fat, protein, and ash contents of each ground sample were determined by freeze-drying, Soxhlet extraction, Kjeldahl, and ashing methods, respectively, following the procedures of AOAC (1980) .
From the same side (left) as the 9-10-11 rib, the 8th and 12th rib sections from each animal were removed, individually wrapped in a double layer of freezer paper, and frozen at -2o'C for later Wamer-Bratzler shear value and taste panel analysis. Serum Collection and Hormone Assays. Blood samples were taken via indwelling catheters7 from the jugular vein every 20 min for 6-h periods (1130 to 1730) during the first four bleedings. The animals had access to feed and water. After the bGRF injection, the bleeding schedule was modified with samples taken every 10 min for 1 h, every 20 min for 1 h, and every 30 min for 1 h. The blood samples were allowed to clot, were refrigerated at 4'C for no longer than 4 h, and then were centrifuged and stored at -2o'C.
Trenbolone (TBOH), the conversion product of TBA, was measured in the serum by the procedure of Hoffman and Oettel (1976) . Serum estradiol-17fj was assayed using the method developed in our laboratory and described by Breuel et al. (1988) . Assays for serum cortisol and testosterone have been described by Henricks et al. (1984) .
Bovine GH and insulin-like growth factor4 (IGF-I) were iodinated by the chloramine-T method (Lee et al., 1990) . Insulin-like growth factor I was separated from its serum binding protein using a modified form of the acidethanol extraction method (Daughaday et al., 1980) . Both protein hormones were assayed 7Anslocatt4 Dunr co., Columbia, sc.
using the double-antibody RIA procedure described by Lee et al. (1990) . As a means of measuring the intra-assay variability, standard serum p l s having high, medium, and low hormone concentration were included in each assay. The sensitivity @g) and interassay CV (%) for Q, TBOH, cortisol, testosterone, GH, and IGF-I were 3 and 12,s and 17,7 and 10,8 and 14, 300 and 7, and 10 and 7, respectively.
Taste Panel Evaluation. The 12th rib sections frozen previously were thawed over 6 h to 40'C. Individual rib eye steaks were placed on a broiler pan and brought to 76 f 1'C in an electric oven. Samples of each steak were obtained by placing the cooked steak in a plastic grid and cutting it into 1.3cm squares. Thirteen trained panelists evaluated the samples based on an 8-point scale for tenderness, juiciness, flavor and aroma desirability, flavor and aroma intensity, and connective tissue. During the taste panel evaluations, the 8th rib sections were brought to 76 f 1'C and four core samples were taken from each steak and subjected to a Warner-Bratzler shear force test. Statistical Analysis. Hormone and weekly weight gain data were analyzed by ANOVA for a completely randomized split plot in time design. Animal within treatment by sex phenotype was used as the whole-plot emor term, and animal within time by treatment by sex phenotype was used as the error term to test the effects of time. The linear regressions of weekly weight gain on time were computed for animals in each treatment group during the growing phase and the slopes were compared using Student's t-test. Carcass data, overall weight, and feed consumption data were arranged in a completely random design; taste panel were arranged in a randomized block design with panelist and date of the panel as blocking factors. Analyses of variance were performed and means were separated by lsd tests or linear contrasts as appropriate at the 5% significance level.
Results and Discussion
Weight Gain and Feed Intake. In steers, during the growing phase TBA treatment had little effect on ADG or FCE, whereas TBA and produced a 22% increase in ADG over controls ( Table 2 ). The gain from this treatment was comparable to that of the bulls. The implant treatments had no effect on ADG and FCE in bulls compared with their controls. %C, BC; S1, B1; S2, B2 = steer and bull controls; steers and bulls implanted with 120 mg of trenbolone acetate; and bscMeans in the same row without a common superscript differ (P < .05).
steers and bulls implanted with trenbolone acetate and 24 mg of estrogen, respectively.
During the finishing period, ADG and FCE were similar across all treatments. The lack of effect may be due to the brevity of the finishing phase and the onset of higher climatic temperatures, which noticeably decreased feed intake. Regressions of weight gains on weeks during the growing phase were linear in all cases ( Figure 1 ). The steers treated with TBA and had greater weight gains than the untreated steers (P < .05); this same treatment had no effect in bulls.
Other researchers (Roche et al., 1978; Galbraith, 1980; Schanbacher and Brethour, 1983) found an 8 to 10% improvement in body gain of growing cattle up to 70 d after implantation with TBA. Heitzman et al. (1977 Heitzman et al. ( , 1981 found only a slight increase in growth of TBA-treated steers. The differences in gain reported among authors may be due to the timing of implanting during the growing stage as well as to the dosage and number of times TBA was administered. The slight increase in weight gain in TBA-implanted, intact males agrees with the findings of Vernon and Buttery (1 978).
The use of TBA combined with E$ in steers produced an increase in AJXi and FCE in this study similar to that reported by Bartle et al. (1987) and Heitzman et al. (1981) in steers and by Istasse et al. (1988) in bulls. The ability of the two implants to significantly affect shortterm weight gain in steers whereas TBA alone had no effect supports Heitzman's hypothesis (1981) that both androgen and estrogen are necessary for improved weight gain and FCE.
Carcass Analysis. As expected, the percentage of carcass fat was slightly greater among steers than among bulls; there was a 4.2% difference between the control groups (Table  3) . In steers receiving either implant treatment, however, fat tended to be higher than in control steers by 3.3 and 4.0%, respectively. In bulls, TBA decreased fat by 3.5% and TBA plus 3 increased fat 1.7% compared with controls. It must be added that the animal-toanimal variation resulted in significant differences (P < .05) only between the TBAimplanted bulls and the other treatments. More research is needed to determine whether TBA alone causes leanness and the combination of TBA plus E$ causes fattening. It should be noted that !&lo-11 rib DM differed among treatments in a manner parallel to carcass fat (Table 3) .
Hot carcass weight (HCW) was least for untreated steers and greatest for both groups of treated bulls (Table 3) . Treatment effects on HCW were similar to the findings of Roche et al. (1978) and Heitzman et al. (1981) tissue scores in steaks from bulls ( Table 4) .
Linear contrasts revealed that bulls as a group were comparable to steers in sensory panel juiciness scores. Treatment did not affect sensory panel scores for juiciness or flavor and aroma desirabiity of steaks from bulls or steers. Aroma intensity was scored higher for steaks from TBA-treated bulls and steers. Arthaud et al. (1977) found decreased sensory panel tenderness and juiciness scores of steaks from untreated bull beef compared with that of steers, but these scores were still within an acceptable range. A review by Field (1970) reported bull meat to be slightly less tender than steer meat. The Warner-Bratzler shear test score taken on the longissimus steaks from the 8th rib revealed that bulls treated with TBA alone or TBA plus were comparable to untreated and treated steers. Longissimus steaks from untreated bulls had a greater shear force than steaks from steers. Among steer groups there were no differences in shear force.
Mean Serum Hormones Concentrations. At 22 d after implanting, mean serum trenbolone was over 1, OOO ndml in all TBA treatments, except for the steers receiving the TBA plus &. In those steers the serum concentration was lower by almost half than in the steers implanted with TBA only (Table 5) . Mean semm & was eightfold higher in the bulls and steer groups treated with TBA plus than in the control groups or groups treated with TBA only. These great differences in serum concentrations of the implanted hormones were not present at subsequent blood collections ( Figures 2 and 3) in Figures 2 and 3 , suggest that the release pattern of hormones from the implants was not constant. Indeed, the hormone concentrations during the 6-h windows varied significantly. The geometry of implant placement may play a role. In this experiment, the implants were in separate ears. Heitman et aL (1981) Mean serum testosterone was decreased initially by implantation of bulls (Table 6) and fourth bleeding (d 120 and 141), the steroid had risen about twofold and threefold in the control steers, respectively, but had not changed in the control bulls. Nor did either implant treatment have an effect on serum cortisol in bulls or steers. Hence, the grand means (ng/ml) for SC S1 and S2 and BC B1 and B2 were 10.6, 8.9, 7.6, 8.1, 7.3, and 9.1 (SE = 1.6), respectively (P < .05).
The grand means for serum GH concentrations (nghnl) were 12.1, 10.4, 12.8. 11.5, 11.1, and 12.8 for SC, S1, S2, BC, Bl, and B2, respectively (P < .05). A study of the mean concentrations of the six groups at each bleeding period resulted in a similar conclusion that there was no effect on serum GH by phenotype or implant. Of interest is a twofold difference in mean concentration between the control steers and all other groups (6.7 n g / d vs a mean of 14.8, respectively) during the finishing period. The concentration at the end of the growing period (d 82) ranged between 5.7 and 7.9 n g / d among all groups. Thus, the concentration rose in all groups except the control steers after they were on a finishing diet for 50 d. Note also that implanting steers raised serum GH to that of bulls but had no effect in bulls. Serum GH in this study was similar to that reported by other studies (Heitman et al., 1977; Gettys et al., 1988 . As seen by others, serum GH varied so much along individual samples, due probably to the episodic nature of GH secretion, that significant differences were not seen among treatment s.
Mean serum IGF-I concentrations were calculated for each treatment and bleeding period (Table 8) . Serum IGF-I in steers and bulls was quite similar at the first bleeding (d 0). It was slightly lower at the second period (d 22 after implanting) when serum TBOH and concentrations were at their highest. By the third bleeding, serum IGF-I had doubled in both control groups (SC and BC), whereas in all implanted groups of steers and bulls the concentrations had risen significantly, but not nearly as much as in the controls. By the fourth bleeding, concentrations had declined in the control p u p s but had risen to the highest mean of the study in the steers treated with TBA and b. This is the group that had the highest gains. The grand means were similar between sex phenotypes and among control 8o 1 z A and implanted groups (P < .05).
The fifth bleeding was conducted to measure the effect of bGRF on serum hormones in unimplanted and implanted steers and bulls. Within 10 min after injecting bGRF i.v., GH rose in all treatments from a basal level of 10 to 15 ng/ml to a high of 30 to 70 ng/ml (Figure   4 ). There was a three to fourfold rise in GH in both implanted bull groups and the control steers and a twofold rise in both implanted steer groups and the control bulls. The increase lasted about 40 min. These profiles were similar to those reported by Al-Raheem et al. cpdMeam in the same row without a common superscript differ (P < .05).
Serum IGF-I concentrations were affected by bGRF injection in all treatments except the cuntrol steers (Table 7) . Because 200 t o 225 ng/ml was the grand mean for the previous four bleedings (Table 8) , the control bulls and implanted steer groups responded to bGRF more than the implanted bull groups. Graphing the IGF-I data for each animal (not presented) showed a random pulsatile profile of IGF-I after injecting bGRF. Serum testosterone concentrations was unchanged by bGRF administration.
Summary. For the growing phase, steers implanted with TBA plus Q grew significantly faster than their controls; in fact, their growth rate was similar to that of the bulls. An implant of TBA had no effect in steers, nor was there a difference between the implanted and control bulls. Feed conversion efficiency (FCE) was significantly greater in bulls than in steers, and the steers implanted with TBA plus were intermediate between their counterparts and the bulls. For the finishing phase, there were no differences among groups in ADG and FCE.
The analysis of hormones in serum samples taken serially at intervals during the growing and finishing phases provided the following conclusions. The implanted hormones showed the surge effect in the serum then fell to low detectable levels for the 160 d of the experiment. These serum profiles match the ranking for ADG among the six treatments. Data on serum testosterone suggest further research on the mode of action of TBA and J ? Q anabolic agents in bulls. The data on GH and conis01 are inconclusive, probably due to their secretory characteristics. The data on serum IGF-I concentrations suggest that anabolic implants do affect the secretion of IGF-I and that the effect of anabolic hormones on IGF-I secretion in bulls and steers is different. In bulls there was also a time on experiment effect not seen in the steers.
There was a lower percentage of fat, and a higher percentage of DM, in bulls than in steers. Although not significant, the implants tended to increase fatness, yield grade, and quality grade in steers and in the bulls implanted with both implants. Steaks from the carcass of bulls receiving both TBA and Q had greater panel tenderness scores and lower connective tissue scores than steaks from control bulls and bulls treated with TBA alone.
impllcatlons
The combination of an androgen and estrogen are necessary for maximum growth and feed conversion efficiency in steers, whereas there is little effect of the implant on the growth and feed conversion efficiency of bulls. Bulls may be closer to their maximum growth potential, making it difficult to benefit from an anabolic implant. For maximum benefit, animals may need to be implanted at intervals during the growing-finishing period. Although quality and yield grades of the carcass were not greatly affected by the implants, tenderness scores for steaks from bulls were improved by the combination of trenbolone acetate plus estradiol. 
